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DESIGNS OF PULSED POUER CRYOGENIC TP.MSFORMERS*

S. K. Sin&h, C. J. Hayna, O. T, Hackwrth, E, J. Sh*stak, P. U. Eckcla

\,’.s:inghousa RLD Center

piLLsburCh, PA

●nd

●

ABSTRACT

Tha UaoLin~housa ?l~cLric Corporacic.n ham

cc~lac. d dasigns of throa pulsad po-r cryoganic

trmnnfor-rs for cha Los Alaws National La boraco:y.

Thaoa crnnsfornrc will b. configured LO cransfar
choir ●corad ●nergy SOqUbntially LO ●n ●l9CtrO-

ugnacic launcher ●nd Corm a thrae-staga powar
●upply . Tha pul@a Lrantfor=rn will rcL ●s LuJ

winding ●nargy scoraSa oolorioidm which provide ● hi~h

Curr#nL ●nd ●naray pulsa coqramaion by Lrannforming

# 50 kA po-r tupply jnco n MgaqJ lovol powar supply

-ro ●ppropritta for Lho cloctro-~nacic launchar
duty. Thla ●yaca= difform flom -ra Lrmdlclonal

cransfor~r ●pplication In that oi~nlflcnnc currant

l.val. do not cmlmc ●i~ltan.oun]y in Lh. La

wirrdln~m of cht pulsa Lransforrnr. Thin p-p~r

dascribao Lhe daci~ns of the pulood po-r cryoganic

tran~formrm.

INTRODUCTION

for ● singla

&upply.



Table 1

Transformer Paracrmters

●

primary Wlndln&

Ii. ight, cm
Radius average, cm
Number turns

Paak current, M

Peak voltage ●cross coil, kV
Peak voltage botwsen

primary and secondary, kV
Ch~rgo time, c

Ermrgy storago, H.7
Inductance, df

Transformer T.snsfortmsr
No. 1 Nos. 2 L 3

Secondary Wlndin&

Roight, Cm
Radiue ●verage, cm
Cap betwan primary

●nd sticondaty, cm
Number tu~ns
Peak current, HA
Peak voltaga ●cross coil, kV

Inductance, eil

Coupling coefficient betw.n
primxxy ●nd ●ocondary

NULUS1 inductarcc betwtn
pri-ry ●nd secondary, oii

Conducr.or——

Primery winding ●dgo tmund,

cm (OFHC coppor)
S.condary winding, cm

213

125

120

50

2 .x)

110
3

33.5
26.5

213

119.13
1.0

6

0.950

10

0.062

0,95

1.22

152
75

109

50
140

80
3

14.4
11.5

152
69.23

1.0

16

0.314
10

0.222

0.923

1.43

1.71X7.2 1033X7.0

2.54 thick 2.5~ thick

primary winding ●cd to provida ● machinable surface

for mounting tht primery winding.

The primxry wfndingo of the trmtofor~rs ● re
producod b) ●dge bonding ●pprnpriatoly sl;ed OFHC
copper conductor. The primery winding conductor

sogmxntt ● ra joined using bralsd jointo to form ●

continuous conductor. Tha ●dge batt cond~ctor is

lnmulatod wirh a Kapton ●nd NOWII wrap ●nd then ●

lcya; of ●potry loadad SISBS tap- i. ●pplied to
protact c~ lnculatlon. Tha prl~riaa ● ro Ainod with

● boro iirror c6noisting Of ●pOXY gie~- cloth. Tho

bore iinor i. provldod to ●now mechining of tho
priwry boram to the ●ppropriate tolorancom. Tho

prhery winding, sftac boco mechinlng, will bc hsstod
to incraoso it- diamstar ●nd then plac~d over tha

proparod sacondary windin~ to ●ch~ovo ● shrink flL.
This will ●routa u:hsnlcal integrity during ●ll
portions of tho duty cycl.. Final ●ooasbly tdtich

provldcs ●xial tupport ●rd coqraoolon to the wund
tranofor~r will tkrottb. coqrlatod. Tha design
concept for Trsntforrnr No, 1 10 shown in ?Igute 2.
The cone.pt for Transfortmis 2 ●nd 3 ic slrrdlat
●ttc@pt c}). cecondetias uot flat wound conductors,

INSULATION SYSTEM

Tht pri~ry cot)ductor inaulatlon is ● Kapton tap.
based ny”,.~ with ● Nontxx ●nd thatl ●n t~OXy loadad
glaob tap. ovatt.;.p fot Ptotactlo,, ●nd cull bondlllgo

e

b-w
stmsrry SU* ---’-y!

Cqr

Figuro 2 — Design concapL fot Trsnsformr No.

The insulation bctveon ths Drimsry ●nd socondar.
windings consists of ● UXAlti-brrap of KaFLo.n ●hccts
covcr~d with ●n ●FJrty glass build-up for piotectior,

s-4 to provide ● mxchinabla surface for shrink fit I,!

tf,t primsry winding. Trsncformsr No. 1 hat bar~
conductors on the s*conriary
by tho tliquid nltro~an bar.h.

yhich will bt In.ul.ted

The ●ccondatiem of
Transformers 2 And 3 ● rc inaulatad wjth Kapton, NWTW(

●nd ●perry giass tape u~ing ● ●ystwm tim~lar so
of tho primery winding insulation.

The pri-ry insuA@tion co~sists of two hai
lapped lsycra of 2 mil Kapton tapa ●nd ono ha
lapped Ityer of 2 m]i Momxx ●nd ●n ovor wrap o
Iappsd B-steged q-o.xy Ioaded glcss tap~.

r hat

f
butl



path in ●xcoss of 20 cm in Jiquid nitrogen for ● peak
voltage of 100 kV.

TRANSFORMER LEAUS

Tht loads of the LANL cransformsr operate ●t high
voltage ●nd commct the liquid nitrogan ta~craturo

vindings to tha room tarporatura bus conductors.
Environ_ntal ●d high voltage considarationa ?rovid@
tha major design constrsintst no condwrsation on the
leads ● t ● humidity condition of l\2 degree
Centicrmde dew point depression ●nd ● low cleersnce

•bov~ th* dowor :id. Because of tht 10V cost of
liquid nicrogar ●nd becsuee uncoolod laeds hava tho
s~lleet room te~craturo heat ●bsorption, irncoolad

leade were ●-leccad. The laari current datsity was
oelected, not bnsod upon ohmic heating conoidorstiorm
ss is srsL@, but upon systcm resistance ●nd ●d sbatic
te~eraturo ris~ during s current pulse,

Tha warm snd beet leak we coqwted by ● finite
difference type coqmtcr ptogrem thet hee been
●sparinntslly verifiad by test data ●cquirad within
tho Uastinghous- RCO Cantar snd from outsida labora-
tories. The program ●ccurately ●ccounts for

taqereturo daperdent material properties, ●nd

conditions snd tha heavy ●lectrical/thormsl
,,

insulation sround tha leeds. This host losd
contributes dlroctly to tha liquid nitrogen boil-off

rate ●nd ia the hast ●bsorbed by the Iaad ●t the warm
●nd.

The warm ●nd heat ●bsorption can product s
significant to~arstura dopr~ssion st the wsrro ●nd of
Lha lasd which can ceueo condensation ●nd voltsga
breekdown of th~ insulation. ?ochnlquas fiuch ss
tharmslly insulating, infrsrod besting, dry sss
shielding, snd diract ●nd induced hosting can be usad
to provont wsrm ●nd Iosd condensation. The tight

gaomatric consttaintc ●bova th* dawsr procludcd ●ll

but activo mathodrn. Tho ●econdary l-ads sro h8ate4
by ● high te~crsturt natural convaction~radiaLion
stova snd arm also dry &ss ohialdad by utlng nicrogcn
boil-off ~as insida tha stow. Indirect haating
●llowd propor ● rc strike distances *O b. tnaintsined
at tho warm ●nd of tha socondsry loads.

The primary laade ● re fsbricatod from coppar
tubes ●nd tha tube. ● re ●dsptcd into s compact heat
axchsngor thst racalves heetod ●ir from ● msli
centrifugal blower through a non-metallic tube with ●

suitabla voltago stand-off Aangth. Both sy~t~ms ● re

manually controlled with teq*raturc limit control-
and ● re dosiSnad to b. fsil-aaia.

STRUCTURAL DCS!GN

As with sny high power, high voitsSa ●l.ctrlcai
#quip-n:, the (undsrnntsl objactivos in tho
trsnsfotmsrs’ ctructursl daolun wre to ●sfaly
with-tend ●ll of the operating forcee hnd to minimise
rtlstlve rntlon betwmn conductor-, inoulstiott, snd
ntructurs, Tho msjor forces of concern ● ral t h@
magnetic forcos on ●ll conductor, snd therwl forcoo
due to ●hrlnk fit •see~ly ●nd differtntiel tharmsl
conti’action on cotsldown to 77*K.

Tho msgnotic foruc dlctributlon calculated by Los

P Alemrm for the Transfor~r prlmsry windin~s ● ro chowr)
in Fi~ur* 3. The rsifial forc~ 1s dlroctod outward,
●nd th~ ●niel forca le diroctad towsrd the mldpltnc.
Tha ~gnotic fOICO distribution 10 sltnilsr to chl~ in
ail of tho wlrjdinta, with tho forces b~ing cli~})lly
lOWI in LII* Occor.darlaa bocoumc Of tho lass th?n
unity coupling, As not-d ptavioucly, siltli!icsnt
currant- do not occur si~ltnneously iII both the

primary ●rd secondary windints. This was tsken
sdvsntage by snowing hoop tension in the primary

windings (Which hsve greater relativ~ radial depth)
to support the radial forcet, in both windings. The
resulting hoop stress diatributi,,ns, along with the
asisl pressure distributions, are ehown in Figure 4.

For well-defined forc*s ●nd atretises such ●s these,
the peak stress is safely b~low the typical 77*K

yield strength of 10-12 ksi ●nd well below the 15
ksi room terrqrerature t reshold for cyclic creep under

9
repested tensile loads for annesled OFHC copper.
However, ●ince the yield strength is defined ss the
● tress which produces 0.2% plastic strain, ●nd the
●lsstic limit is ●pproxiwtely one-half the yield
strength in copper, sores plastic strain (less than

0.2%) is ●xpecte

first few cyc~es~ ‘n ‘Ksnsfor=r No. 1 during the(disregarding ●ny hardening ●ffect

of the winding strsin). The ● mount of interference
fit to koop the primsries ●nd secondaries in positiv..
structural contact wcs sot to ●now for this plastic

●xpeneion during the firec few cyclas, ●long WiLh the
mormnl ●lestic ●nd therwl ●spansion,

Soo
+ 71 sa&.-.

/1- TJ -lb,

+ Y’ rw-

T. tile.

Figure J — Hsgnetic forco distribution for prirmty
windings of Transformer No, 1 [Tl) ●nd
Transformer Nos. 2 h 3 (T2).
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rmmulLm in Lhe mnxirmm possibla coup
bacwan primry ●nd secondary.
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